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Summary
Introduction: Pelvic ring fractures are severe injuries whose functional results depend on the
quality of reduction. Numerous internal ﬁxation alternatives have been described, but the
biomechanical studies comparing them remain rare.
Hypothesis: This study compared the biomechanical behavior of iliosacral screws (ISS) with
sacroiliac hinge type ﬁxation (SIF) following unstable pelvic ring fractures ﬁxation.
Materials and methods: A lesion simulating sacroiliac disruption and pubic disruption was cre-
ated on 14 cadaver pelves. After randomization, the fractures were internally ﬁxed using an
anterior plate associated with either an ISS or an SIF. The specimens were then submitted to
forces applied vertically at the coxofemoral joints. Relative movements in vertical translation
and in rotation between the iliac wing and the sacrum, as well as the stiffness and the forces
at failure of the assemblies were measured and compared.
Results: The mean age of the bodies was 66 years (± 8). No signiﬁcant difference was demon-
strated between the groups in terms of residual motion and stiffness in both vertical and
rotational displacement. The results showed a slight residual mobility in rotation of the
hemipelvis. The SIFs presented greater, although non signiﬁcant resistance to failure. No ﬁxa-
tion, however, restituted stiffness comparable to a healthy pelvis.
Discussion: The results of this study show that a Tile C.1.2-type injury to the pelvic ring can
be treated as effectively with ISS or SIF when combined anterior and posterior ﬁxations are
performed. SIF therefore seems
outcomes should nevertheless b
affected by this type of injury.
Level of evidence: Level III: Com
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•igure 1 Fixation of the pelvis in the trial platinum.
ntroduction
acroiliac disruptions (type C.1.2 in the Tile classiﬁcation
1,2]) result from high-energy injuries and associated ver-
ical instability with rotator instability of the hemipelvis.
hey are most often treated with surgery, and many tech-
iques of posterior osteosynthesis have been described in
he literature [3—6]. The objective of posterior ﬁxation is
o provide stable ﬁxation for healing and early mobilization
or patients, who often have multiple injuries. The use of
liosacral screws (ISS) is a technique that leaves little impair-
ent, but other than possible mechanical failures, this
ethod is technically difﬁcult and can be contraindicated
epending on the shape of the sacrum [7—9]. Consequently,
new unilateral sacroiliac osteosynthesis technique has
een developed that controls both the ascension and rota-
ion of the iliac wing, while preserving mobility in the axial
lane so that anterior lesions can be reduced if necessary
10].
The objective of this study was to compare the biome-
hanical resistance of ISS with sacroiliac hinge ﬁxation (SIF)
fter osteosynthesis of a traumatic injury to the pelvic ring.
aterial and methods
reparation and assembly of anatomical specimens
ourteen pelves were harvested from fresh cadavers that
ad no history of pelvic ring fracture. This included the
elvis with the last lumbar vertebra (L5). All the soft tis-
ues were then resected, except for the following ligaments:
liolumbar, sacroiliac, symphysis pubis, sacrospinous, and
acrotuberous ligaments. The specimens were preserved
t− 24 ◦C and thawed 24 h before the experiment. The
elves were mounted on a stable ﬁxture, with a 30◦ sacral
ilt (Fig. 1), using bolts at the L5 vertebra and the sacrum
S3).
•B. Ilharreborde et al.
aking the lesions and posterior osteosynthesis
lesion simulating a sacroiliac disruption and a pubic dis-
uption was created by sectioning the ligaments with the
calpel, thus releasing the hemipelvis with regard to the rest
f the pelvic girdle. Two types of posterior osteosynthesis
ere used, randomly assigned to the different specimens.
n the ﬁrst group, an ISS technique was used with two 6.5-
m-diameter cannulated screws (StrykerTM, HowmedicaTM,
llendale, NJ, USA), with lengths varying from 65 to 75mm
epending on the size of the pelvis. The trajectory of the
wo screws perpendicular to the sacroiliac joint terminated
t the S1 body, with entry holes separated by at least 15mm.
The second technique consisted of an SIF, made of CD
egacy Titanium (MedtronicTM, Memphis, TN, USA). Two
edicle screws, 5.5mm in diameter, were inserted in S1 and
2. The S1 screw had a forward, upward, and inward tra-
ectory, terminating under the anterior part of the superior
urface of S1. The S2 screw was oriented diagonally outward,
arallel to the orientation of the sacroiliac. A 5.5mm-
iameter stem with two sacroiliac connectors were then
onnected to the screws. After reduction with an external
acroiliac joint maneuver, two screws, 7mm in diameter and
0—80mm long, were inserted into the iliac wing, through
he two connectors. The upper screw had an upward tra-
ectory, whereas the lower screw was directed toward the
schiatic notch.
In all cases, anterior ﬁxation was associated, using a plate
ith four holes positioned on the cranial part of the pubic
ymphysis and maintained by a 4.5mm-diameter screw.
pplication of forces and measurements
irst, force was applied vertically at the acetabulum using
hemispheric aluminium piece to simulate monopodal
eightbearing (InstronTM 5500R). For each failure test, the
orce was applied progressively up to 400N at a speed of
.1mm/s (corresponding to 50% weightbearing for a 60 kg
atient).
Relative movements in vertical translation and in rota-
ion between the iliac wing and the sacrum were measured
sing the PolarisTM optoelectronic reﬂection tracking system
NDI, Waterloo, ON, Canada). We could therefore study the
inematics of the specimens with an infrared and tripodal
ransmitter-receptor that had been placed on the sacrum
nd tuberosity of the ischium (Fig. 2).
The parameters studied were the following:
displacement in translation along the vertical axis while
a load between 100 and 400N was being applied;
stiffness between 200 and 400N, expressed in Nmm−1,
deﬁned by the ratio between the force and the vertical
displacement;
displacement in rotation (i.e., ﬂexion-extension in the
sagittal plane) between the ilium and the sacrum, mea-
sured during the T2 test and expressed in degrees;
the force required for failure, with failure deﬁned as
the ﬁrst reduction in stiffness on the force—displacement
curves.
Pelvic ring fractures internal ﬁxation
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DisplacementFigure 2 Posterior view of a pelvis subjected to vertical
forces applied at the acetabulum and on which tripods (rigid
bodies) of the PolarisTM system have been put in place.
Trial protocol
Given the anatomical damage following the test ending in
rupture, it was not possible to study the successive effect
of the ISS then SIF on each pelvic ring. Consequently, the
specimens were randomized and seven of them were instru-
mented with hinge ﬁxations (SIF), whereas seven others
were synthesized using sacroiliac screws (ISS). Each speci-
men was then submitted to trials according to the following
sequence:
• trial up to 400N on intact pelvis (T0);
• creation of the posterior lesion (sacroiliac opening) and
placement of sacroiliac implants;
• radiological veriﬁcation of implant position;
• trial up to 400N on pelvis with posterior ﬁxation only and
intact pubis symphysis (T1);
• creation of anterior lesion and placement of anterior
pubic plate;
• trial until rupture with combined anterior and posterior
osteosynthesis (T2);
D
a
(
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Table 1 Stiffnesses (between 200 and 400N) and displacement
vertical translation, after iliosacral screw osteosynthesis (ISS) or sa
Stiffness T0
(N/mm)
Displacement
T0 (mm)
Stiff
(N/m
ISS mean (± S.D.) [range] 219 (± 112)
[39—333.5]
2,3 (± 2.5)
[0.95—8]
165,
[26—
SIF mean (± S.D.) [range] 216,6 (± 138)
[53—440]
2,1 (± 1.3)
[0.8—4.6]
96,6
[54—
T0 trial on intact pelvis, T1 trial after sacroiliac lesion and posterior ﬁ
anterior and posterior osteosynthesis after anterior lesion.
ISS: iliosacral screw; SIF: sacroiliac ﬁxation; S.D.: standard deviation.565
radiological assessment after rupture to analyze the rup-
ture zones.
tatistical analysis
n each group, the stiffnesses and displacements in trans-
ation along the vertical axis were compared between the
0, T1, and T2 conditions using paired t-tests. The values
btained in the sacroiliac screw group were then compared
o the values obtained in the hinge ﬁxation group using inde-
endent t-tests. All the statistical analyses were performed
ith SPSS version 12.0 software (SPSS Inc., Chicago, IL, USA).
igniﬁcance was set at p < 0.05.
esults
he mean age of the bodies was 66 years (± 8 years; range,
7—81 years). There were 10 females and four males.
ertical displacement
tiffness
he mean stiffness of the intact pelves (T0) between 200
nd 400N was 219.3Nmm−1 (± 112Nmm−1) for the ISS group
nd 216.5Nmm−1 (± 138Nmm−1) for the SIF group. The dif-
erence between the groups was not signiﬁcant (p = 0.96)
Table 1).
During T1, the mean stiffness decreased from
65.8Nmm−1 (± 127Nmm−1) for the ISSs and 96.6Nmm−1
± 33Nmm−1) for the SIFs. This decrease was not signiﬁcant
n the two groups, even though they approached the thresh-
ld in the SIF group (p = 0.19 and p = 0.06, respectively).
he difference between the groups was not signiﬁcant
p = 0.20).
Finally, during T2, the mean stiffness was 172Nmm−1
± 121Nmm−1) for the ISSs and 103.5Nmm−1 (± 30Nmm−1)
or the SIFs, with no signiﬁcant T1 condition (p = 0.59 and
= 0.09, respectively). The difference between the groups
as not signiﬁcant (p = 0.18).uring T0, the mean of the displacement between 100N
nd 400N was 2.3mm (± 2.5mm) for the ISSs and 2.1mm
± 1.3mm) for the SIFs. This difference was not signiﬁcant
p = 0.86).
s (between 100 and 400N) measured for each condition in
croiliac ﬁxation (SIF).
ness T1
m)
Displacement
T1 (mm)
Stiffness T2
(N/mm)
Displacement
T2 (mm)
8 (± 127)
385.5]
4 (± 4.3)
[0.9—12.3]
172 (± 121)
[28—394.5]
3,4 (± 3.3)
[1.1—10.3]
(± 33)
154]
3,5 (± 1.1)
[2.8—5.4]
103,4 (± 30)
[59—144]
3,7 (± 1.6)
[2.2—7]
xation alone with intact symphysis pubis, T2 trial to failure with
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During T1, it was 4mm (± 4.3mm) for the ISSs and 3.5mm
± 1.1mm) for the SIFs. The difference between T0 and
1 was not signiﬁcant in any group (p = 0.11 and p = 0.06,
espectively). The difference between the groups was not
igniﬁcant (p = 0.76).
Finally, during T2, the mean displacement between 100N
nd 400N was 3.4mm (± 3.3mm) for the ISS group and 3.7
± 1.6mm) for the SIF group. The difference between T1 and
2 was not signiﬁcant in any group (p = 0.24 and p = 0.49,
espectively). The difference between the groups was not
igniﬁcant (p = 0.86).
otation displacement
he mean rotation of the iliac wing on the sacrum at 500N
as 0.63◦ (± 0.1) in the ISS group and 0.70◦ (± 0.2) in the SIF
roup, with no signiﬁcant difference between the groups.
esistance to failure
he force required for failure was a mean 890N for the
SS group and 1006N for the SIF group (p = 0.24). Several
ypes of failure were observed. In the ISS group, there were
our cases of screw displacement in the sacrum and three
ases of sacral wing fracture. In the SIF group, we observed
hree cases of sacrum fracture and four cases of sacral screw
ullout.
iscussion
elvic ring fractures are serious lesions whose functional
esult depends on the associated neurological and visceral
esions on the one hand, but also on the initial reduction of
he displacement [11]. It seems that the results are better if
he residual displacement is less than 1 cm, which can only
e obtained with internal ﬁxation [3,11—14]. The results of
ur study show that ISS and hinge ﬁxation are two equiv-
lent techniques for osteosynthesis of pelvic ring injuries,
ithout, however, restoring the biomechanical properties
f a healthy pelvis.
imits of the study
ne of the main limits of this study was the mean age of
he bodies of the donors whose pelves were tested, since
elvic ring injuries affect for the most part young subjects.
he scattering of the results can be explained by the dif-
erences in anatomy and bone density between the pelves,
hich are difﬁcult to obtain. For this reason, some authors
refer to use pelves made of composite materials, which are
asier to obtain and have more homogenous biomechanical
roperties [15,16]. Cadaver bone was preferred in our study
o that biomechanical characteristics closer to reality could
e obtained.
The results of this in vitro study are encouraging, but
heir extrapolation to clinical situations runs into a num-
er of unknowns: the difference in bone quality in young
ubjects, the role of the muscles attached to the pelvic
irdle [17], and the loading conditions (seated or upright
osition, patient’s weight). In addition, only the displace-
C
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ents in vertical translation and in sagittal rotation were
nalyzed here, whereas Tile et al. [2] showed that monopo-
al weightbearing in the ipsilateral sacroiliac joint produced
exion, adduction, and internal rotation.
tiffness and displacement
n the literature, the authors who studied human pelves
ever found differences between the various types of
steosynthesis [18]. However, Korovessis et al. [15] and
inger et al. [19] demonstrated the superiority of osteosyn-
hesis using two ISSs on pelves made of a composite material.
or this reason, we chose to use two-screw assembly as the
eference method for the ISS ﬁxation [15,16]. Nonetheless,
o signiﬁcant difference was demonstrated between the two
ypes of osteosynthesis in terms of stiffness and force at fail-
re. ISSs can therefore be considered a reliable technique
or treating lesions of the pelvic ring, at least equivalent to
he reference method. The results of this study show sat-
sfactory control of rotation after combined anterior and
osterior ﬁxation (< 1◦ at 500N), conﬁrming the study by Sagi
t al. [20]. The data collected on rotations remain difﬁcult
o interpret, given the low level of displacement in rotation
ecorded on the specimens. This can be explained in part by
he fact that the test was performed after combined poste-
ior and anterior ﬁxation, optimal for controlling rotations.
omstock et al. [21] showed that posterior ﬁxation alone
ould reestablish in rotation 83—91% of the native pelvis’s
tiffness. Moreover, the point where the force was applied
as not responsible for a high momentum at the sacroil-
ac level in our protocol. Some authors have preferred to
pply the force on the ischium by placing the pelvis in a
etroversion position, simulating the seated position. In this
onﬁguration, the momentum exerted favored rotation in
he sagittal plane.
esistance to failure
he results of our study showed that the force necessary
or failure, for both types of osteosynthesis, were close to
he force exerted during weightbearing on one foot in an
verage-sized patient (approximately 950N). These values
re in agreement with those obtained by Gorczyca et al.
22], who, on eight pelves, compared ISS ﬁxation osteosyn-
hesis with transsacral bar ﬁxation, without demonstrating
uperiority of one or the other. They also conﬁrm that the
old in the sacrum is the weak point of pelvic ring osteosyn-
hesis in the elderly subject. However, it is probable that the
orce required for failure in younger patients (corresponding
o the population with this type of lesion) be higher because
hese patients have better bone quality [22]. Moreover, no
ase of disassembly because of hypermobility was revealed
n this study, even though this is a frequent complication in
linical practice.linical relevance
SS presents the advantage of being a percutaneous tech-
ique, thereby limiting the risk of infection. However,
his is an osteosynthesis method crossing the joint, guided
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by the image intensiﬁer or computed tomodensitometry
(CT) and exposing the surgeon to irradiation [23]. More-
over, reduction that must be obtained preoperatively can
be difﬁcult, and use of an orthopaedic table is advised
[7]. Finally, placing two screws, recommended by the
biomechanical studies, increases the risk of nerve lesions
[13,19].
SIF, on the other hand, allows open reduction while pre-
serving residual mobility in the horizontal plane, so that
anterior lesions can be reduced at a later time. If com-
plementary anterior ﬁxation is not indicated, this mobility
can be neutralized by blocking the sacroiliac connectors on
the stem. This technique therefore seems indicated in Tile
C.1.2-type ruptures of the pelvic ring, associating complete
rupture of the posterior arch through the sacroiliac joint
and an anterior lesion. It can also be used in cases of bilat-
eral posterior lesions passing through the sacroiliac joints.
On the other hand, it is not recommended in lesions going
through the sacrum and injuring the S1 pedicle. In a recently
published clinical series, no early infectious or mechanical
complication was reported [10].
Conclusion
This mechanical study showed no inferiority of the SIF
assembly compared to consensual ISS screw assembly. Its
continued use is warranted, but its long-term clinical results
remain to be evaluated.
Conﬂicts of interest
None.
References
[1] Tile M. Classiﬁcation of pelvic fracture. In: Fracture of the
pelvis and acetabulum. Baltimore: Wilkins W; 1995. pp.
66—101.
[2] Tile M, Hearn T, Vrahas M. Biomechanics of the pelvic ring. In:
Tile M, editor. Fractures of the pelvis and acetabulum. Third
Edition. Philadelphia: Lippincott, Williams & Wilkins; 2003. p.
32—45.
[3] Letournel E. Traitement chirurgical des traumatismes du bassin
en dehors des fractures isolées du cotyle. Rev Chir Orthop
1981;67:771—82.
[4] Matta J, Tornetta PI. Internal ﬁxation of unstable pelvic ring
injuries. Clin Orthop 1996;329:129—40.
[5] Routt Jr ML, Nork SE, Mills WJ. Percutaneous ﬁxation of pelvic
ring disruptions. Clin Orthop 2000;375:15—29.
[6] Tayot O, Meusnier T, Fessy MH, Beguin L, Carret JP, Bejui
J. Fractures instables de l’anneau pelvien : ostéosynthèse de
la lésion postérieure par vissage percutané. Rev Chir Orthop
2001;87:320—30.
[567
[7] Thaunat M, Laude F, Paillard P, Saillant G, Catonné Y.
Transcondylar traction as a closed reduction technique in verti-
cally unstable pelvic ring disruption. Int Orthop 2008;32:7—12.
[8] Routt Jr ML, Simonian PT, Mills WJ. Iliosacral screw ﬁxation:
early complications of the percutaneous technique. J Orthop
Trauma 1997;11:584—9.
[9] Ko PS, Kou SK. A rare complication of percutaneous iliosacral
screw in a vertically unstable pelvic disruption in a child. Injury
2001;32:159—61.
10] Hoffmann E, Levassor N, Rillardon L, Lavelle G, Guigui P.
Une nouvelle technique de ﬁxation sacro-iliaque dans les
ruptures traumatiques de l’anneau pelvien. Rev Chir Orthop
2003;89:725—9.
11] Tornetta PI, Matta J. Outcome of operatively treated unstable
posterior pelvic ring disruptions. Clin Orthop 1996;329:186—93.
12] Matta J, Saucedo T. Internal ﬁxation of pelvic ring fractures.
Clin Orthop 1989;242:83—97.
13] Tonetti J, Cazal C, Eid A, Badulescu A, Martinez T, Vouaillat H,
et al. Lésions neurologiques des fractures de l’anneau pelvien.
À propos d’une série prospective continue de 50 lésions pelvi-
ennes postérieures opérées par vissage iliosacré. Rev Chir
Orthop 2004;2:122—31.
14] Dujardin FH, Hossenbaccus M, Duparc F, Biga N, Thomine JM.
Long-term functional prognosis of posterior injuries in high-
energy pelvic disruption. J Orthop Trauma 1998;3:145—50.
15] Korovessis PG, Magnissalis EA, Deligianni D. Biomechanical
evaluation of conventional internal contemporary spinal ﬁx-
ation techniques used for stabilization of complete sacroiliac
joint disruption: a 3-dimensional unilaterally isolated experi-
mental stiffness study. Spine 2006;31:941—51.
16] Dujardin F. Études biomécaniques des moyens d’ostéosynthèse.
In: Les fractures et disjonctions de l’anneau pelvien de
l’adulte. J.-Y. Nordin, J. Tonetti, éditeurs. Monographie de la
SOFCOT no 92. Elsevier Éditeur, Paris, 2006. p. 94—98.
17] Van Zwienen CM, Van Den Bosch EW, Snijders CJ, Kleinrensink
GJ, Van Vugt AB. Biomechanical comparison of sacroiliac screw
techniques for unstable pelvic ring fractures. J Orthop Trauma
2004;18:589—95.
18] Varga E, Hearn T, Powell J, Tile M. Effects of method of inter-
nal ﬁxation of symphyseal disruptions on stability of the pelvic
ring. Injury 1995;26:75—80.
19] Yinger K, Scalise J, Olson SA, Bay BK, Finkemeier CG. Biome-
chanical comparison of posterior pelvic ring ﬁxation. J Orthop
Trauma 2004;18:589—95.
20] Sagi HC, Ordway NR, DiPasquale T. Biomechanical analysis
of ﬁxation for vertically unstable sacroiliac dislocations with
iliosacral screws and symphyseal plating. J Orthop Trauma
2004;18:138—43.
21] Comstock CP, Van Der Meulen MC, Goodman SB. Biomechan-
ical comparison of posterior internal ﬁxation techniques for
unstable pelvic fractures. J Orthop Trauma 1996;10:517—22.
22] Gorczyca JT, Varga E, Woodside T, Hearn T, Powell J, Tile M. The
strength of iliosacral lag screws and transiliac bars in the ﬁxa-
tion of vertically unstable pelvic injuries with sacral fractures.
Injury 1996;27:561—4.
23] Eude P, Damon F, Eude G, Pellegrino C, Jund S, Avidor C,
et al. Ostéosynthèse percutanée des fractures du bassin sous
contrôle tomodensitométrique. J Radiol 2000;81(1):63—8.
